ABSTRACT Information and communication technologies (ICTs) have been provided by higher education authorities to ensure that teachers use ICT to enhance their teaching, learning, and research outcomes. However, ICT has been found to be underutilized, especially by teachers. To investigate this issue, the technology adoption and gratification (TAG) model was validated and used to examine Malaysian university teachers' adoption and gratification of ICT for teaching and research purposes and then used to investigate the moderating effect of universities in different regions. The 397 teachers from the west and east Malaysian universities were surveyed using a stratified random sampling technique. The research data were analyzed using the three-stage structural equation modeling. There were focused use factors: 1) academic purpose; 2) research purpose; and 3) teaching purpose. The TAG model was useful in explaining differences in ICT uses. West Malaysian teachers' perceived usefulness and ease of use mediated the relationships between computer self-efficacy, gratification, and intention to use ICT, respectively. However, for east Malaysian teachers, only perceived ease of use did not mediate the relationship between computer self-efficacy and gratification. Finally, west and east Malaysian teachers' intentions to use ICT mediated the relationships between actual use, perceived usefulness, and ease of use. This paper confirms the utility of the TAG model for comparing teachers' adoption and gratification of ICT. In addition, this paper provides a basis for the targeted professional development of teachers in the east and west Malaysian universities which were selected based on the known differences. 
I. INTRODUCTION
Technology has led to numerous alterations in a number of school practices. Teachers are the main players in the introduction and continuity of these changes in daily classroom practices. In order to assist teachers' use of technology, educational technology training has become indispensable [1] . However, this leads to challenges in identifying the factors that influence the adoption of technology and the formulation of workable solutions to sustainably integrate technology into teaching practices. Teachers' perceptions towards technology significantly affect technology adoption despite
The associate editor coordinating the review of this manuscript and approving it for publication was Laxmisha Rai. the fact that training was found to influence perceptions, especially in terms of teachers' self-efficacies, attitudes and beliefs [1] - [5] . As a result, emphasis on a model that integrates technology, content and pedagogy [6] - [9] , has become prominent in teacher training and professional development. The purpose of this research is to examine a methodology that can be used to help target teacher training and professional development for those teachers who are engaged in teaching but who may have different attitudes and perceptions about the usefulness of ICT or how best to optimize its use in their teaching.
The gap between research and practice complicates the application of insightful and useful educational research in daily teaching practice. Although much effort has been put into identifying both contributing and inhibiting factors of technology use, teachers are often reluctant and opposed to adopting technology in their classrooms [1] , and their overall capability to make effective use of technology is low [10] , [11] . In this regard, several obstacles have been identified as to why little impact has been made on the use of information and communication technologies (ICTs) in higher education teaching and learning in some institutions. The lack of understanding of why and how technology should be included in pedagogy by university educators has been recognized as one key cause, and the lack of professional expansion opportunities is typically quoted as the reason for this lack of understanding [6] , [12] . As a result, higher education institutions require improved efficiency, additional transparent accountability and better performance in both teaching and research [12] .
In a recent study, researchers [13] affirmed that enhanced access to technology with sustained under-utilization in education necessitates the comprehension of obstacles faced by teachers to incorporate technology into their classrooms. Given the advances in technologies, many studies show that educators exhibit only moderate amounts of variance when using technology and there are many teachers who exhibit low use of an available technology. Even after a decade, the use of ICT was found to be underutilized by teachers [14] . An investigation [15] asserted that the appearance and adoption of cutting-edge technologies generates demand for teachers developing roles and competencies in the new knowledge society. However, it is not clear how well teachers have been prepared to face the challenges and difficulties of teaching and learning in the 21st century nor what directions should be taken to improve practice [7] . In reality, the issue of human use and acceptance of innovative technologies is difficult and demanding [16] , [17] . Researchers [18] claimed that student satisfaction should be investigated because it is vital for academic achievement and success. Nevertheless, teachers' gratification in using ICT in the context of Malaysian higher education has rarely been assessed. Lacking an assessment, it is not clear how best to train and support teachers in effective technology integration in learning and instruction.
Higher education authorities have been providing ICTs for west and east Malaysian universities to ensure that teachers are using these facilities to enhance their teaching, learning and research outcomes. As such, east Malaysian teaching universities (i.e., the University of Malaysia Sarawak and the University of Malaysia Sabah) are planning to become research universities. The University of Malaya in west Malaysia is currently the best research university in Malaysia and has a prestigious world ranking. These three universities in Malaysia were selected so to compare findings in a research-intensive university with findings in universities previously focused primarily on teaching rather than research.
Therefore, a starting point for assessing and then designing technology integration training is to assess ICT use and attitudes among west and east Malaysian teachers, to see to what extent they are adopting and are satisfied in using available ICTs. It is also of practical and theoretical interest to recognize if the determinants that elucidate their technology acceptance [4] and gratification have the same effect in east and west Malaysian teachers. In doing so, the technology adoption and gratification (TAG) model, as proposed by Islam [14] can be validated to examine teachers' adoption and gratification of ICT use and then used to gain a better understanding of the TAG model and how it can be used to guide the development of professional teacher knowledge [19] . This study was also aimed at investigating to what extent ICT plays a vital role in teaching, learning and research pursuits of the teachers at these three different universities. Lastly, suggestions of the investigation are discussed and future studies proposed, including how the use of these findings can guide targeted teacher training for different groups of teachers with different attitudes and usage patterns.
II. LITERATURE REVIEW
Several studies have been and are being conducted on the technology acceptance model (TAM) [20] in an attempt to measure the usage of ICT among teachers [4] , [5] , [21] - [25] , and also among students [26] - [37] . However, most studies have been conducted to assess students' and teachers' acceptance or adoption of ICT for teaching and learning purposes. Little has been done to investigate teachers' adoption and gratification of ICT in higher education [14] . Against this background, the TAG model was adopted as the theoretical framework for the current study. The basic logic in using TAG is that to understand usage, acceptance and adoption of ICTs, it is important to gain an insight into attitudes and beliefs; gratification is the construct used to focus on those attitudes and beliefs that are likely to impact usage, acceptance and adoption. Of particular interest were possible difference among teachers accustomed to doing both teaching and research and teachers who were only recently being expected to conduct research in addition to their teaching.
The foundations of the TAG model are the technology satisfaction model [38] , the technology acceptance model [20] , and the online database adoption and satisfaction model [53] . The TAG model confirms that in regard to ICT, beliefs about computer self-efficacy (CSE), perceived usefulness (PU), perceived ease of use (PEU) and intentions to use (INT) are always the primary determinants or constructs of TAG in higher education. According to the TAG model, these four determinants directly and indirectly serve as the basis for actual use of ICT (USE) and gratification (GRAT), which are important outcome constructs, with GRAT being an expected enabler of USE. As a second-order factor, actual use is measured by three first-order factors: academic purpose, research purpose and teaching purpose (Figure 1) .
By applying the TAG model, it is possible to determine not only which constructs significantly affect teachers' adoption and gratification of ICT but also which constructs have the strongest influence and potential to improve effective use of ICT in learning and instruction. According to [39] , gratification is defined as the amount to which the use of ICT is consistent with existing values, necessities and the experience of the teachers in higher education. Furthermore, the TAG model contains a multidimensional USE construct that offers a more inclusive understanding of the purposes ICT facilities.
DEVELOPMENT OF THE RESEARCH HYPOTHESES
In line with the literature review, several hypotheses were developed to validate the TAG model and test the relationships among its constructs, such as computer self-efficacy, perceived usefulness, use of ICT, intention to use, perceived ease of use and gratification. The details of these hypotheses were constructed, as follows:
Computer self-efficacy is the main exogenous variable of the TAG model; it posits that computer self-efficacy, rather than intention to use, perceived ease of use or usefulness of ICT, is the main predictor of TAG. Researcher [14] defined computer self-efficacy as teachers' beliefs in their computer ability to use ICT for teaching, learning and research purposes. It is believed that teachers with a higher level of self-efficacy for using ICT will be better able to overcome any ICT complexities they encounter. Investigators have stated that teachers' ICT self-efficacy, concerning integrating ICT into lessons, is a particularly strong determinant in many countries and contexts [2] . Computer self-efficacy has been recently well-established as a robust, direct predictor of the perceived usefulness of computer simulation [29] , technology [40] , electronic textbooks [21] and information technology [41] as well as perceived ease of use of cloud computing [42] , electronic textbooks [21] and computer-based assessment acceptance [36] . However, numerous researchers have shown that computer self-efficacy directly influences on intention to use of information technology [41] and public library computing facilities [43] . These mixed findings indicate that there are gaps in validating the direct relationships between computer self-efficacy, perceived usefulness and ease of use teachers' ICT. Therefore, it is expected that: H1: Teachers' computer self-efficacies (CSE) directly influence the perceived ease of use (PEU) and perceived usefulness (PU) of ICT.
According to the TAG model, perceived usefulness refers to teachers' perceptions of the benefits derived from using ICT [39] . There are many studies of technology acceptance, students' or teachers' perceptions of usefulness and intention to use and actual use [4] , [5] , [20] , [21] , [26] , [28] , [29] , [40] , [44] - [47] . These studies validated the direct relationships between perceived usefulness, intention to use and actual use to assess students' or school teachers' acceptance of technology. However, no study was found that included gratification except [14] . On the other hand, researchers have suggested that students' perceived usefulness directly influences their satisfaction of using a digital library [48] and online resources [49] . A second hypothesis is:
H2: Teachers' perceived usefulness (PU) directly influences their intentions to use (INT), actual usage (USE) and gratification (GRAT) of ICT.
Perceived ease of use, a construct borrowed from the TAM, is defined as the degree to which a user believes that using technology will be free of effort [20] and is based on Islam's [14] definition. In the current study, perceived ease of use was applied to teachers' perceptions of how easy it is to use ICT. Empirical studies have supported the direct and significant associations between perceived ease of use and satisfaction in using digital library webs [48] and selfservice internet technologies [50] . Researchers [51] found that students' perceived richness is an essential driver for their satisfaction of mobile instant messaging. Researchers have since reported that perceived ease of use is directly associated with intention to use information services [44] , information technology [45] and electronic textbooks [34] . These empirical studies indicate that researchers rarely validate these kinds of relationships when measuring teachers' ICT use. Therefore, a third hypothesis is:
H3: Teachers' perceived ease of use (PEU) directly influences their intentions to use (INT) and gratification (GRAT) of ICT.
Teachers' intention to use ICT is a key mediating variable of the TAG model, which posits that behavioral intention is the main influencer of actual use [20] . In the current study, intention to use refers to a lecturer' perceptions of how ICT are examined in terms of the likelihood of teachers to use such facilities. In the information system context, studies have confirmed that intention to use influences actual use of information technology [20] and mobile learning [52] . In addition, limited studies have investigated the direct relationship between intention to use and gratification [53] , [54] . In contrast, investigators [55] claimed that students' intentions to use were affected by their e-learning satisfaction. Therefore, it is hypothesized that:
H4: Teachers' intentions to use (INT) directly influences their actual use (USE) and gratification (GRAT) of ICT.
Various studies have supported the relationships between computer self-efficacy, perceived usefulness and ease of use [21] , [41] , [42] , and asserted the associations between satisfaction, perceived ease of use and usefulness [48] , [49] . However, identification of indirect relationship between teachers' computer self-efficacy and gratification mediated by their perceived usefulness and ease of use is rare [14] .
Recently, researchers have predicted that e-learning satisfaction may mediate the relationships between perceived ease of use and usefulness, followed by attitude and behavioral intention [55] . To address this gap, a fifth hypothesis is:
H5: Teachers' perceived usefulness (PU) and perceived ease of use (PEU) mediates the indirect relationship between computer self-efficacy (CSE) and gratification (GRAT) in using ICT, respectively.
A large number of studies have validated the direct impact of perceived usefulness and ease of use on intention to use technology [20] , [29] , [40] [44]- [46] . Additionally, researchers have also tested the direct impact of computer self-efficacy on intention to use [41] , [43] . Despite this, an indirect examination of computer self-efficacy and intention to use through perceived ease of use and usefulness within a single survey is lacking [14] . Therefore, this aspects addressed by hypothesis six:
H6: Teachers' perceived usefulness (PU) and perceived ease of use (PEU) mediates the indirect relationship between computer self-efficacy (CSE) and intention to use (INT) of ICT, respectively.
Literature on the technology acceptance model (TAM) indicates the importance of considering extrinsic motivation attributable to the intention to use factor when explaining users' responses to any system. For this reason, researchers have widely examined the relationships between intention to use, actual use, perceived usefulness and ease of use [20] , [28] , [46] . On the other hand, studies have reported the role of students' views on personal learning environments [55] and online library resources [49] , including perceived usefulness and ease of use, and their satisfaction towards its usage. Nonetheless, no model was found that investigated intention to use mediated by the indirect relationships of gratification, actual use, perceived usefulness and ease of use, apart from the TAG model. Therefore, the TAG model was considered viable for comprehending how TAG works in an ICT context and it was hypothesized that:
H7: Teachers' intentions to use (INT) mediate the indirect relationship between perceived usefulness (PU) and gratification (GRAT) of ICT. 
III. METHODOLOGY
Four-hundred teachers from west and east Malaysian universities: the University of Malaya (UM); the only west Malaysian university, the University Malaysia Sarawak (UNIMAS) and the University Malaysia Sabah (UMS) were surveyed using a stratified random sampling technique.
One assumption is that these three universities are representative of teachers in east and west Malaysia. That assumption might be challenged or tested in a subsequent study, but it is based on a common belief in Malaysia that is embedded in Malaysian university policies. This study can improve teacher training by understanding differences between east and west Malaysian universities. Only three respondents were excluded from the initial data collected from the east Malaysian universities because of incomplete responses. After removing these respondents, 397 usable respondents were used for the final analyses. Of these, 200 teachers were from the thirteen faculties of UM: 52.5% were female and were 47.5% male. Most of the teachers (33%) were over 45 years of age; 23%, 19% and 18% were 35-39, 30-34 and 40-44 years of age, respectively. Only 7% of the teachers were 25-29 years of age. The current research included local (88.5%) and international (11.5%) academic staff, and most of them hold PhD degrees (74%). The majority of the teachers (29%) had 6-10 years of work experience. The majority of the academic staff surveyed were senior teachers (44%), followed by teachers (30%), associate professors (16%) and professors (10%). Given that distribution, the focus of this study was primarily on teachers although subsequent studies might investigate differences among the various levels of academic staff as well as differences between and among universities at different levels and in different locations, including other countries.
Of the 197 west Malaysian teachers, surveyed from eight UNIMAS faculties and seven UMS faculties, 51.3% were male and 48.7% were female. The majority of teachers (26.9%) were 35-39 years old with an average of (30.5%) 6-10 years of work experience. There was a slight skew towards a larger percentage of master's degree holders (48.7%). Most of the teachers held either assistant professor or senior lecturer (85.3%) positions during the survey. A detailed breakdown of the demographic information is shown in Table 1 .
INSTRUMENT Seventy-seven previously validated items were adopted to measure each of the determinants (Figure 1 ), including demographic information from [14] and [39] , where the researcher developed and validated the items using explorative factor analysis (EFA), the Rasch model and confirmative factor analysis (CFA) to evaluate teachers' responses to the construct's items. All the items in the study were measured using a seven-point Likert scale (Table 2) .
IV. FINDINGS
The findings were analyzed using three-stage structural equation modeling (SEM) using AMOS, Version 18. To validate the measurement models of the TAG model, confirmatory factor analysis (CFA) was applied. To estimate the TAG model, a fully-fledged structural model was used, and to test the moderating variable, west and east Malaysian universities, invariance analysis was performed. In other words, the models were estimated by applying a set of measures to assess the goodness of fit of each model. The goodness of fit measures, guided by the universally accepted criteria for deciding good fit [56] , assessed the (i) reliability of the hypothesized model with the observed data, (ii) justifications of variability, (iii) fairness of the estimates, and (iv) simplicity of the measured models. The adequacy of the models was determined using five measures of good fit: Chi-square (χ 2 ), degree of freedom (df), root mean square error of approximation (RMSEA), comparative fit index (CFI) and the Tucker-Lewis index (TLI). The results of the CFA suggested a second-order model where three first-order dimensions (academic purpose, research purpose and teaching purpose) loaded into a single secondorder factor of use of ICT (USE-CFA1). The second-order model was tested with ten valid items. The results of the remaining five revised measurement models of perceived usefulness (PU-CFA2), computer self-efficacy (CSE-CFA3), perceived ease of use (PEU-CFA4), intention to use (INT-CFA5) and gratification (GRAT-CFA6) confirmed acceptable fit indices for the data. However, several items were removed one at a time from these five revised models because of large modification indices. The detailed fit statistics of these measurement models, including the second-order model, are shown in Table 3 . Convergent and discriminant validity of the measurement model was also tested using estimates of correlations among constructs and standardized regression weights. To measure convergent validity, the values of average variance extracted (AVE) and composite reliability (CR) were checked for larger than minimum criterion of 0.5 and 0.7, respectively [57] , [58] . The findings of the measurement model indicated that the CR for the constructs, PEU, PU, INT, GRAT, USE and CSE, ranged from 0.721 to 0.908; all above the suggested 0.70 cut-off point. Similarly, the AVE for the same dimensions ranged from 0.572 to 0.712 (Table 4) . To assess discriminant validity, it was observed if the correlations between the factors were smaller than one; all the correlations among the constructs were smaller than 0.753 (Table 4) . Hence, these results were evidence that the factors in the measurement model confirmed the convergent and discriminant validity.
A. ESTIMATING THE TAG MODEL
The validated six measurement models were integrated to validate the TAG model and estimate the causal relationships between the factors by testing the hypotheses. The maximum likelihood approach was applied to measure the overall fitness of the TAG model. The TAG model contained 44 valid items and they were assumed to load on their respective constructs. The results of the TAG model showed that the majority of the standardized factor loadings were greater than 0.71; only two items indicated loadings ranging from 0.41 to 0.47 (PEU9 and INT4). However, the TAG model's two important fit statistics did not confirm a satisfactory fit to the data: CFI = 0.892 and TLI = 0.861. These fit indices should be greater than 0.90 [59] , [60] . Additionally, several items showed large modification indices indicating the presence of multi-collinearity, and the direct relationship between PU and USE was not significant as indicated by the low path coefficient (β = 0.04, p = 0.680) (Figure 2) . Therefore, the TAG model required re-specification for further improvement.
To validate the TAG model for assessment of Teachers' ICT use, a few misfitting items were deleted one at a time from the respective constructs, such as CSE (CSE7 and CSE15), PU (PU7, PU8, PU12 and PU15), PEU (PEU6, PEU9 and PEU15), GRAT (GRAT7), academic (USE1) and INT (INT3, INT4 and INT8) until a hypothetically meaningful and statistically adequate model was achieved [61] . Moreover, an insignificant direct path between PU and USE was also dropped because of the need to improve the model's fit statistics. After excluding these items, including a path, the findings of the SEM analyses showed that the re-specified TAG model fit the data well; χ 2 = 1018.143, df = 394, RMSEA = 0.063, CFI = 0.916 and TLI = 0.908. The revised TAG model contained exogenous (CSE), mediating (PU, PEU and INT) and endogenous (USE and GRAT) variables including 30 valid items (Figure 3 ). The re-specified model indicated that the explained variance in the mediating variables was 38% (PU), 37% (PEU) and 45% (INT). For the endogenous constructs, 48% were for GRAT and 13% were for USE (second-order factors), including three first-order dimensions: academic (44%), teaching (27%) and research (9%).
The estimations of the standardized path coefficients of the revised TAG model showed that direct linkages between several constructs as follows:
• CSE and PEU (β CSE → PEU = 0.61, CR = 10.731, p < 0.001). This finding suggests that west and east Malaysian teachers' computer self-efficacies directly influence the perceived ease of use of ICT.
• CSE and PU (β CSE → PU = 0.62, CR = 10.897, p < 0.001). This result recommends that west and east Malaysian teachers' computer self-efficacies directly influence the perceived usefulness of ICT.
• PU and INT (β PU → INT = 0.42, CR = 6.753, p < 0.001). This finding suggests that west and east Malaysian teachers' perceived usefulness directly influences their intentions to use of ICT.
• PU and GRAT (β PU → GRAT = 0.43, CR = 6.460, p < 0.001). This means that west and east Malaysian teachers' perceived usefulness directly influences their gratification of ICT.
• PEU and INT (β PEU → INT = 0.39, CR = 6.367, p < 0.01). This finding shows that west and east Malaysian teachers' perceived ease of use directly influences their intentions to use of ICT.
• PEU and GRAT (β PEU → GRAT = 0.20, CR = 3.296, p < 0.001). This result reveals that west and east Malaysian teachers' perceived ease of use directly influences their gratification of ICT.
• INT and USE (β INT → USE = 0.35, CR = 4.453, p < 0.001). This finding indicates that west and east Malaysian teachers' intentions to use directly influences their actual use of ICT.
• INT and GRAT (β INT → GRAT = 0.21, CR = 3.330, p < 0.001). This result suggests that west and east Malaysian teachers' intentions to use directly influences their gratification of ICT. All these findings were statistically significant.
Hence, hypotheses H1, H2, H3and H4were supported. Also the indirect relationships between CSE and GRAT mediated by PU (Chi-square, χ2 = 4.692, p = 0.000) and PEU (Chi-square, χ2 = 2.806; p = 0.002) respectively; between CSE and INT mediated by PU (Chi-square, χ2 = 6.724, p = 0.000) and PEU (Chi-square, χ2 = 6.521, p = 0.000) respectively; between PU and GRAT mediated by INT (Chi-square, χ2 = 2.004, p = 0.022); between PEU and GRAT mediated by INT (Chi-square, χ 2 = 2.007. p = 0.022); between PU and USE mediated by INT (Chi-square, χ2 = 5.959, p = 0.000) and between PEU and USE mediated by INT (Chi-square, χ2 = 6.057, p = 0.000) were all statistically and practically significant. Therefore, hypotheses H5, H6, H7, H8, H9 and H10 were accepted. All the indirect relationships were validated using the Sobel test [62] . The support exhibited for all these hypotheses (H1-H10) showed that Teachers' actual use of ICT (USE) and gratification (GRAT) were directly and indirectly affected and depended on their ability (CSE), benefit (PU), intention (INT) and ease of use (PEU). Finally, three first-order dimensions (academic, research and teaching) of actual use (USE) played crucial roles in explaining the formation of the teachers' adoption of ICT. The estimated hypotheses of the revised TAG model and the total standardized effect sizes of the constructs, including the 30 valid items, their loading and Cronbach's alpha are shown in Table 5 .
B. THE REVISED TAG MODEL FOR WEST MALAYSIAN TEACHERS
To distinguish the cross-validation of the TAG model for west and east Malaysian universities and obtain one of the objectives of the research, the original pool of data was separated into two groups: west and east Malaysian teachers. The revised TAG model was firstly validated using a total of 200 west Malaysian teachers and the findings showed that the model fit the data well; χ 2 = 709.553, df = 394, RMSEA = 0.063, CFI = 0.913 and TLI = 0.904, as depicted in Figure 4 . The model for west Malaysian mediating and endogenous variables, while west Malaysian teachers' INTs did not mediate the relationships between GRAT, PU and PEU, as shown in Table 5 . As such, hypotheses 7 and 8 were not supported. Moreover, west Malaysian teachers' CSE played a crucial role in determining TAG. The model also showed that the explained variance in mediating variables was 50% for PU, 41% for PEU and 50% for INT, and for endogenous variables, 50% was for GRAT and 11% was for USE (second-order factors) including three first-order factors, such as academic (57%), teaching (23%) and research (7%). Figure 4 also indicates that the loadings for all the west Malaysian respondent's items were significant, and they were VOLUME 7, 2019 greater than 0.54 [57] . The model for the west Malaysian respondents also showed that there were no negative loadings, error variances and path coefficients. Table 6 summarizes the hypotheses testing, path coefficients (β), critical ratio (CR) and the total standardized direct and indirect effect size of the TAG model.
C. THE REVISED TAG MODEL FOR EAST MALAYSIAN TEACHERS
In addition to the west Malaysian teachers, the model was tested across 197 east Malaysian universities using 197 teachers; the results confirmed that the TAG model fit the data well; χ 2 = 718.685, df = 394, RMSEA = 0.065, CFI = 0.916 and TLI = 0.907 ( Figure 5 ). The findings of the TAG model for the east Malaysian respondents found direct and indirect associations between endogenous, exogenous and mediating variables, although teachers' PEU did not mediate the associations between CSE and GRAT. INT also invalidated the mediating relationships between GRAT, PU and PEU (Table 6 ). In doing so, hypothesis 5, H5, was partially supported, while hypotheses H7 and H8 were not supported at all. Subsequently, the TAG model for east Malaysian teachers showed that the explained variance in mediating variables was 32% for PEU, 27% for PU and 44% for INT, and for endogenous variables it was 47% for GRAT and 16% for USE (second-order factors), including three first-order determinants: teaching (35%), academic (39%) and research (9%). The model for the east Malaysian teachers also confirmed adequate convergent and discriminant validity; most of the indicators' loadings showed a value greater than 0.70, as demonstrated in Figure 5 . Table 7 summarizes the total standardized direct and indirect effect size of the revised TAG model for east Malaysian teachers including the hypotheses testing, path coefficients (β) and critical ratio (CR).
D. MEASUREMENT INVARIANCE ACROSS WEST AND EAST MALAYSIAN UNIVERSITIES
To investigate whether west and east Malaysian universities moderate the causal relationships between the determinants of the revised TAG model, configural and metric invariance analyses were conducted across the two different groups of respondents, namely, west Malaysian university (n1 = 200) and east Malaysian universities (n2 = 197). To evaluate the configural invariance analysis, two different data sets were grouped and analyzed using unstandardized estimates without constraining the structural paths. The results of the configural analysis showed that the revised TAG model for both groups fit the data well; χ 2 = 1428.239, df = 788, RMSEA = 0.045, CFI = 0.915 and TLI = 0.906, and there were no substantial variations in fit indices. Metric invariance analysis was then performed using unstandardized estimates and constrained all the structural paths of the model to be equal for both groups. The findings of the metric invariance analysis showed that the TAG model for both groups fit the data well; χ 2 = 1449.273, df = 798, RMSEA = 0.045, CFI = 0.913 and TLI = 0.905, and there were no significant differences in fit statistics. However, the constrained and unconstrained models produced different Chi-square (χ 2 ) and degree of freedom (df) values, which were compared to examine the statistical differences between the groups. The results of measurement invariance across west and east Malaysian universities confirmed significant change in the Chi-square value: χ 2 (df= 10) = 21.034, p > 0.05. This means that the Chi-square difference was statistically significant, whilst the critical value was at 18.307 (Table 8) . Hence, it was concluded that the TAG model was viable for measuring Teachers' adoption and gratification of using ICT, where the moderating effect of the universities was evident.
V. DISCUSSION
The TAG model was validated for investigating west and east Malaysian university teachers' adoption and gratification of ICT and cross-validated for estimating the moderating effect of universities, including a comparison between research and teaching based universities to observe how teachers were performing their academic and research work using ICT. The current study suggests several things. First, the findings were in line with the TAG model developed and validated by Islam [14] ; teachers' computer self-efficacy was confirmed as a direct predictor of perceived ease of use and usefulness. This indicates that teachers' advantages and ease of use rely on their belief in their computer ability to use ICT. This finding supports the first hypothesis (H1), which is consistent with other studies investigating computer simulation [29] , electronic textbooks [21] and cloud computing [42] contexts.
Therefore, researchers and authorities of higher education need to pay attention to improving teachers' abilities so they may perceive that the ICT are more useful and easy to use when performing their academic and research works. This finding has implications for the implementation of TPACK training and professional development for teachers [7] .
The second hypothesis, (H2), concerned with the role of perceived usefulness, representing that teachers' perceived usefulness directly influences their gratification and intentions to use ICT, echoed the prediction of the TAG model, although the actual use of ICT was not directly affected by perceived usefulness. This result suggests that teachers' future intentions and gratification depend on the benefits of using ICT, and is similar to past studies that measured information systems [5] , [45] , a digital library web [48] and online library resources [49] . Therefore, authorities should provide high quality ICT facilities, which are useful for enhancing teachers' gratification as well as intentions to use. This finding speaks to the support required for TPACK related efforts in practical settings.
In the third hypothesis (H3), it was predicted that teachers' perceived ease of use would directly influence their gratification and intentions to use ICT. This was supported by, and consistent with, studies conducted by researchers [48] , [50] , where perceived ease of use was directly related to student satisfaction and intention to use [44] , [45] . The current study's findings show that teachers' gratification and intentions to use depend on how easily they can use ICT. Thus, to increase teachers' gratification and future intentions, authorities have to ensure that ICT facilities are easy to use. Again, when initiating a TPACK training or professional development regiment for teachers, an initial step should be to assess perceived ease of use and use the results to customize training. The fourth hypothesis, (H4), anticipated that teachers' intentions to use would directly influence their gratification and actual use of ICT. This was accepted and congruent studies that validated such kinds of relationships in mobile learning [52] , information technology [20] and blended synchronous [54] from students' and teachers' perspectives. The results of this hypothesis confirm that teachers' gratification and actual use relies on their intention to use ICT. Consequently, to identify potential areas of resistance, beginning with an understanding of intention to use a technology is an important first step.
The fifth hypothesis, (H5), proposed that teachers' perceived usefulness and ease of use would mediate the indirect relationships between computer self-efficacy and gratification, respectively. The results showed that this hypothesis was valid for west Malaysian teachers, while east Malaysian teachers' perceived usefulness only mediated the indirect relationships between computer self-efficacy and gratification. However, contrary to our findings, researchers [55] tested the indirect relationships between perceived ease of use and usefulness and attitude and intention mediated by e-learning satisfaction. On the other hand, the analyses between west and east Malaysian respondents confirmed that perceived usefulness and ease of use also mediated the indirect relationships between computer self-efficacy and intention to use, which supported the sixth hypothesis, (H6). This means that teachers' gratification and intentions are not only measured by advantages and ease of use but also their ability to use ICT. Such assessments should then be made on an ongoing basis to monitor progress of effective use.
The literature review, in the current study, articulates that an extrinsic motivation attribute, intention to use, is one of the most important determinants of the TAM and TAG models. It plays a crucial role as a mediating variable to establish the indirect relationships between gratification, perceived ease of use and usefulness, followed by actual use, perceived usefulness and ease of use. Hence, these results support the seventh (H7), eighth (H8), ninth (H9) and tenth (H10) hypotheses in validating the revised TAG model (Table 4) . These indirect relationships among the mediating and endogenous variables are the unique contribution of the TAG model [14] . These findings also indicate that teachers' technological gratification depends on their rate of adoption, and higher technology adoption may lead to higher gratification. However, as a result of cross-validation of the model, hypotheses, H7andH8 were not supported when west and east Malaysian teachers were analyzed separately (Tables 6 and 7) . Further investigations into types of institutions and their locations are needed, both within Malaysia and elsewhere.
Even though the current study, using the moderating variables of research (west) and teaching (east) based universities in Malaysia and invariance analysis, is limited, the methodological contribution of this research is significant. Similarly, the TAG model was found to be viable for the comparisons and highlighted the substantial differences between teachers' adoption and gratification of ICT for executing academic and research related works.
VI. LIMITATIONS
Selection of universities was limited in Malaysia. These were only two public universities in east Malaysia. Other universities could be used for purposes of comparison. A larger sample size could be used in further studies. Further study could directly address the efficacy of TPACK training on helping teachers effectively integrate ICT [63] . Because this paper was aimed at finding differences that might be used in preparing and supporting teachers in different contexts in the effective use of ICT, future studies could then use these findings to develop and test the longer-term impact of targeted ICT training and support. 
VII. CONCLUSION
In the 21 st century, ICT plays an important role not only for school teachers but also for university teachers to improve their quality of teaching, learning and research activities. However, no study has previously evaluated the teachers' adoption and gratification of ICT facilities, or compared the moderating effect of research and teaching based universities in standardizing the quality of higher education in Malaysia. By applying the TAG model, the current study offers insights into the fundamental determinants that are characteristic of effective ICT use to measure the influencing constructs of TAG in higher education. The findings of this study indicate that the TAG model is valid for both west and east Malaysian university teachers overall, and that it can provide some insight into how to train and support teachers. West Malaysian teachers' perceived usefulness and ease of use mediated the indirect relationships between computer selfefficacy, gratification and intention to use ICT, respectively. However, for east Malaysian teachers, only perceived ease of use did not mediate the indirect relationship between computer self-efficacy and gratification. In addition, Teachers' intentions to use mediated the indirect relationships between actual use, perceived usefulness and ease of use. It was also confirmed that as a second-order factor, actual use was measured by the three first-order factors: academic purpose, research purpose and teaching purpose. Therefore, the current research is the first of its kind to cross-validate the TAG model for comparing teachers' adoption and gratification of ICT between the west and east Malaysian universities. The significant contribution of this study is that it may be a useful guideline for researchers, practitioners, system developers, service providers, vendors and academics to recognize systematic research approaches of model validation in higher education, especially by using structural equation modeling. However, the TAG model concluded that teachers' actual use of ICT is not at a desirable level nor is it as effective as it might be. With additional usage of ICT by teachers, the rate of TAG could be increased, and the quality of teaching, learning and research in higher education could be extended, especially with targeted TPACK training and professional development that takes into account the factors (perceived ease of use, gratification in using, etc.) previously discussed.
Overall, the findings suggest that the TAG model, developed and validated as a robust model using appropriate methodology, has limitations. The TAG model assessed only ICT using a specific sample size and universities, so further testing is required of other technological services, like electronic resources, wireless internet, online learning environments, information systems, digital libraries and mobile learning. As such, generalizations of these findings should be used with caution. For this reason, it is recommended that future researchers explore these areas when using this model and cross-validate them in different cultures by including cultural dimensions. 
